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RELATIONSHIP BETWEEN RATES OF CONSUMPTION OF ALCOHOL AND 
SUGAR-SWEETENED BEVERAGES FOR U.S. ADULTS IN 9 STATES 
AMANDA JEANNE BREM  
ABSTRACT 
 Background: Current efforts to control the obesity epidemic has focused on 
sugar sweetened beverages (SSB), particularly soda, and less on alcohol intake even 
though alcohol is also a source of “empty calories”. Few data are available about the 
association between soda and excessive alcohol consumption and whether people may 
substitute one form of beverage for the other, essentially “choosing their poison”. 
Methods: We used the Behavioral Risk Factor Surveillance System (BRFSS) data from 
2017 to examine the relationship between alcohol and soda consumption in adults 18 and 
older. We first compared the rates of different types of sweetened beverage consumption 
soda in our population. We then examined the association between the sugar-sweetened 
beverage and alcohol drinking status using regression models adjusted for potential 
confounders. Analyses were weighted and adjusted using SAS 9.4 to account for the 
complex sampling methods. 
Results: Based on 2017 BRFSS data, we found an inverse relationship between heavy 
drinking and soda consumption after adjusting for age, sex, race, income, education, 
marital and insurance status, smoking, diabetes, and hypertension. Compared to those 
who don’t drink soda, the odds ratio of heavy drinking was 0.75 (95% CI 0.63, 0.90) for 
those who drink up to one soda/week; 0.66 (0.53, 0.81) for those drinking >1 to <7 
		 vi
sodas/week; 0.73 (0.65, 0.97) for ≥7 to <14 sodas/week; and 0.70 (0.49, 1.02) for ≥14 
sodas/week.  
Conclusion:  There seems to be an inverse association between soda and alcohol 
consumption. Public health efforts may want to consider targeting both behaviors 
concurrently to avoid beverage substitution.  
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INTRODUCTION 
Obesity Epidemiology in the United States 
The obesity epidemic in the United States cannot be overstated. Despite health 
policy changes to raise public awareness, 70.2% of adults are considered to be 
overweight (BMI >25) or obese (BMI >30) as of 2014 (Flegal et al., 2016). Over 93 
million adults and over 13 million children (aged 2 -19) in the U.S. have been diagnosed 
with obesity as of 2016 (Hales et. al 2017). The CDC identified the acute rise in obesity 
in the US population as a national concern in 1999. Since then, there have been various 
policies developed in an attempt to slow the incidence and prevalence of obesity in the 
United States (Dietz, 2015).  
Encouragingly, the rise in prevalence has leveled off: there was no significant 
difference in obesity prevalence between 2013-2014 and 2015-2016 in both adults and 
children (Hales et al., 2017). However, the vast majority of the population is still 
classified as overweight or obese, and is therefore at risk for weight-associated diseases. 
We have yet to see a drop in obesity numbers in the US population in the 21st century, 
despite the myriad of policies aimed at reducing obesity that were formed during the 
Obama Era (Dietz, 2015). Additionally, although the number of adults classified as 
overweight and obese has plateaued, an increasing number of overweight adults are being 
classified as extremely obese (Fryar  et al., 2016). This skew towards the extreme end of 
weight gain puts the population at a very high risk for a number of weight-associated 
diseases (Hu, 2008). Many of the leading causes of death (e.g. CVD, Diabetes Type II, 
atherosclerosis) cite obesity as a key risk factor (Goh, et al., 2014; Manson et al., 2009; 
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Wilson et al. 2002), which underscores the gravity of this disease and its upward trend in 
the United States. 
Table 1: Adult (18 years +) BMI classifications.  
BMI * Classification 
18.5 - 24.9 kg/m2  Normal Weight  
25 - 29.9 kg/m2 Overweight 
30 - 34.9 kg/m2 Class I Obesity  
35 - 39.9  kg/m2  Class II Obesity  
≥	40 kg/m2 Class III Obesity “Severe” or “Extreme” 
Weight classification defined by range of Body Mass Index. BMI is calculated by 
dividing the weight of the individual(kg) by the height squared(cm) (Adapted from CDC) 
*BMI is not a valid measure for pregnant women or individuals with increased muscle mass relative to size 
 
 
Table 2: Percentage of Adults in the US who are overweight or obese, by gender.  
Gender  Overweight  Obese (all 3 classes) Class 3 obese Total  
Women (18+) 26.5% 40.4% 9.9% 66.9% 
Men (18+)  38.7% 35.0% 5.5% 73.7% 
This table shows the relative prevalence of obesity by gender. More men are defined as 
overweight and have a greater total prevalence in all categories, but more women than 
men fall into each of the 3 obesity categories. (Data from www.niddk.nih.gov) 
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Figure 1: Trends in US adult overweight, obesity, and extreme obesity among men 
and women aged 20 - 74 from 1960 - 2014. The classifications in Table 1 apply to this 
data. Obesity in both men and women saw a sharp increase from 1976 - 2014, even with 
the percentage of overweight individuals staying relatively stable over the same time 
period. Additionally, there is an increase in the prevalence of extreme obesity (>40 
kg/m2) over the same period. (Figure adapted from www.niddk.nih.gov. Data taken from 
NCHS, National Health Examination, and Nutrition Example Surveys) 
	
Classifications and Risk Factors for Obesity 
Obesity, while simple to classify (Table 1), is in fact a complex, multifactorial 
metabolic disease with environmental, genetic, behavioral, and disease-related 
components. Addressing any aspect of the obesity causal pathway is subject to limitations 
in scope due to the complexity of the interrelationships between variables (Grundy, 
1998). Recent studies have focused on a genomics perspective (Zlot et al., 2007) or a 
gene-environment interaction perspective (Qi et al., 2008; Huang et al., 2015). Others 
have approached obesity by focusing on the nutrition and demographic factors that trend 
with increased BMI (Ball et al., 2003). Still more research has been done on behavior and 
social factors related to dietary intake and physical activity levels (Affenito et al., 2012; 
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Mozaffarian et al., 2009). A new addition to the study of these behaviors is the 
connection to dopaminergic addiction pathways that are stimulated by sugar intake. 
Recent research suggests that obesity can be viewed through the lens of a 
dysregulated reward response to sugar intake in certain individuals predisposed to obesity 
(Lerma-Cabrera et al., 2016; Hebebrand et al. 2014). Classifying obesity as an addiction-
associated disease could dramatically change how we counsel and treat patients. For 
example, recent studies have explored addiction transfer in patients who have undergone 
bariatric surgery for weight loss (Wee, et al., 2014; Spedala et al., 2015). Results from 
these studies indicate that addiction transfer from food to other substances (particularly 
alcohol) has been seen in patients who surgically alter their stomach to reduce their food 
intake. In other words, patients are replacing their food-related addictive behavior with 
other substances, rather than extinguishing the addiction. This paper explores data that 
might further support the use of addiction-based interventions for patients who exhibit 
high- risk behaviors for obesity, such as excessive sugar consumption.  
Current Recommendations for Physicians Regarding Obesity  
Regardless of the approach, the key to understanding and treating obesity is not in 
the identification of individual risk factors. It is in the confluence of all these factors; how 
they interact with each other and how that interplay leads to obesity and the subsequent 
chronic disease risks (Hruby, 2015; Huang et al., 2009; Cornelis, 2013). This complexity 
provides a challenge to physicians, who are charged with counseling patients on an entire 
battery of behavior modifications in order to reduce their risk of obesity (Bleich et al, 
2010; Alexander et al, 2007). The US Prevention Services Task Force recommends that 
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physicians screen all patients for obesity and providing intensive counseling for behavior 
modification for sustained weight loss (USPSTF, 2018). Additionally, the USPSTF 
recommends counseling for co-morbid risk factors (Table 3).  
Often, patients report many behaviors that physicians identify as risky, and 
studies have shown that physicians will “pick and choose” which behaviors to focus on 
during their interaction due to time limitations or other barriers (Alexander, et al 2007). 
Some studies have shown that physicians even identify weight counseling as 
“futile”(Alexander et al 2011, Makoul et al 2006). More research and training is needed 
to assist physicians in developing best practices for obesity counseling (Bleich et al., 
2010) 
Table 3: US Prevention Services Task Force Recommendations for Physician 
Interventions based on risk factors and weight.  
Risk Factors Normal Weight Overweight Obese  
no hypertension, 
dyslipidemia, or 
abnormal glucose levels 
Individualize the decision 
to provide or refer to 
behavioral counseling 
Individualize the decision 
to provide or refer to 
behavioral counseling 
provide or refer to 
intensive behavioral 
counseling 
Hypertension, 
dyslipidemia, or both 
Individualize the decision 
to provide or refer to 
behavioral counseling 
 provide or refer to 
intensive behavioral 
counseling 
 provide or refer to 
intensive behavioral 
counseling 
Abnormal blood glucose 
levels or diabetes 
 provide or refer to 
intensive behavioral 
counseling 
 provide or refer to 
intensive behavioral 
counseling 
 provide or refer to 
intensive behavioral 
counseling 
As weight increases, more intensive counseling is recommended, regardless of risk 
factors. However, the presence of risk factors in a patient’s history is reason to increase 
the intensity of the counseling. The USPSTF gave these recommendations a grade B. 
Further explanation about USPSTF recommendations and grading found in Appendix A. 
(Adapted from USPSTF website) 
bThe USPSTF recommends screening for abnormal blood glucose levels as part of cardiovascular risk 
assessment in adults aged 40 to 70 years who are overweight or have obesity. Patients with certain risk 
factors (family history of diabetes, personal history of gestational diabetes or polycystic ovarian syndrome, 
or being a member of certain racial/ethnic groups [African American, American Indian or Alaskan Native, 
Asian American, Hispanic or Latino, or Native Hawaiian or Pacific Islander]) may also be at increased risk 
of diabetes at a younger age or lower BMI and should be considered for screening. 
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Sugar Sweetened Beverage Consumption in the United States  
In the United States diet, a large portion of the sugar consumption is in the form 
of added sugar, specifically in beverages such as sodas and fruit juices (Bailey et al., 
2018). The American Heart Association released a scientific statement in 2009 
recommending an upper limit of 100 kcal per day of added sugars for women and 150 
kcal per day for men (Johnson RK, et al 2009). Despite this recommendation, nearly ½ of 
all adults in the United States consume at least one sugar-sweetened beverage per day 
according to NHCS data collected by the CDC (Figure 1, CDC). Consuming sugar in the 
form of artificially sweetened beverages such as soda, fruit juice, and sports drinks has 
been shown to be associated with obesity, diabetes mellitus, heart and kidney diseases, 
non-alcoholic (fatty) liver disease, and other chronic conditions (Malik et al., 2010; 
Malik, Hu, 2015; Bomback et al., 2010).  
Additionally, studies have found positive associations between drinking sugar 
sweetened beverages and other less healthy behaviors, such as smoking, lack of exercise, 
lack of sleep, and poor nutrition habits (Park et al., 2012; Park et al., 2014). However, 
few data is available on sugar sweetened beverage consumption and alcohol, another 
known beverage with adverse health effects.  
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1 statistically different from women.  
Figure 2: Percentage of Adults (20+) in the United States who consumed sugar-
sweetened beverages on an average day. Data is categorized by number of beverages 
(X axis) and sex (men v women bars). “Percent” refers to the number respondents giving 
the number referenced in each of the categories of sugar sweetened beverages. “Any” 
means any amount of SSB consumed on an average day, one means only SSB consumed 
on an average day, two means only two SSBs consumed on an average day, and three or 
more means any response indicating three or more SSB consumed on an average day. 
The percentage of adults who consumed one or more SSB on an average day was 49.3%. 
Men overall drank more sugar sweetened beverages than women, particularly in how 
many drinks per day (2, 3 or more). Figure adapted from NCHS data and CDC.  
	
Sugar and Addiction: Sugar-Sweetened Beverage Consumption and Shared 
Dopaminergic Pathways  
Recent studies have found correlations between increased sugar consumption and 
addiction pathway activity (Hebebrand et al., 2014). Since excessive sugar consumption 
is directly linked to obesity (Johnson et al., 2017), focusing on dietary habits through the 
lens of addictive behavior could lend an opportunity to develop obesity counseling along 
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the same lines as other more effective counseling of patients with addictions, such as 
alcohol consumption and smoking tobacco.  
Researchers studying obesity through the lens of addiction have focused 
particularly on the effects of sugar intake on the dopaminergic pathways (Volkow, et al., 
2011, Avena et al., 2008) and if obesity is associated with neuronal changes in the central 
nervous system (Thompson et al., 2017). Intermittent consumption or “bingeing” on 
sugar has been shown to have analogous action to opioids and other drugs on the DA cell 
bodies in the ventral tegmental area (Figure 2) (Bello et al., 2003). Specifically, studies 
have shown that in response to intermittent sugar availability, dopamine receptor 1 (D1) 
density in the nucleus accumbens (NAc) increased, D2 receptor binding decreased in the 
striatum, and the opioid receptor (mu receptor) binding was enhanced in several areas 
along the reward pathway in experimental rat studies (Colantuoni, et al., 2001). This data 
is further supported by other experimental rodent studies that have shown that 
intermittent sugar intake results in higher daily release of dopamine compared to controls 
(Rada, et al., 2005b, Hajnal and Norgren, 2002). The dopamine projections and dopamine 
release from the VTA to the NAc are known to be a major component of behavior 
reinforcement, learning, and motivation. Any substance that induces repetitive release of 
dopamine, or inhibits uptake at the targets, via this pathway increases positive 
reinforcement within the circuit. Thus, since sugar intake is correlated with increased and 
enhanced dopamine action on the reward circuit, the data suggests that sugar can be 
abused to increase the reward output of dopamine release in a manner more analogous to 
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opioids, alcohol, and other addictive substances than to normal eating behaviors 
(McBride et al., 1999).  
 
Figure 3: Dopaminergic Pathways. This diagram depicts the basic dopamine-stimulated 
reward pathway in the brain. Dopamine is a neurotransmitter synthesized in the cell 
bodies of the ventral tegmental area and released in the nucleus accumbens, stimulating a 
variety of responses that can involve the hippocampus and prefrontal cortex to result in 
reward behavior modification and preservation. The striatal pathway involves dopamine 
release into the striatum via the cells of the substantia nigra, and is involved in motor 
functions (Image adapted from National Institute of Health, 2006 via Wikimedia 
commons).  
	
Alcohol consumption and the connection to sugar consumption 
The other common addictive beverage in the American diet is, of course, alcohol. 
Alcohol has been a known addictive substance for thousands of years, and the term 
alcohol dependence was officially coined in 1976 by G. Edwards and M.M. Gross 
(Edwards et al., 1976). Alcohol dependence has been rigorously studied through a variety 
of mechanisms (Ragia, Manolopoulos, 2017; Ferraguti et al., 2015; Azevedo, Mammis, 
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2018), but due to the recent research on moderate alcohol consumption associated with a 
protective effect for diabetes and heart disease (Polsky, Acturk, 2017; McElduff and 
Dobson, 1998), and subsequent contradictory data on that protective effect (Chikritzhs T, 
Fillmore K, Stockwell T., 2009), correct alcohol consumption recommendations are a 
complex topic. However, even with the more complicated body of research around 
alcoholism, there is a general consensus that heavy and/or binge drinking of alcohol is a 
risk factor for many of the same diseases as obesity, such as CVD, diabetes mellitus, 
kidney and liver disease, and stroke (Kuntsche et al., 2017).  
Whereas recent literature has advocated for strong limitations on sugar-sweetened 
beverages of any kind, alcohol consumption recommendations focus on limiting heavy 
and binge drinking (Table 3), which both have substantial evidence regarding their 
deleterious health effects (Klatsky, 2015; Kuntsche et al., 2017 ). Alcohol and its 
addiction mechanism also involved the dopaminergic reward pathway (Sprow, Thiele, 
2012), indicating that a dependency on sugar as described previously could be analogous 
to alcohol dependence.  
Table 4: Alcohol Use Classification by gender according to the National Institute of 
Health (https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-
binge-drinking) 
Gender  Heavy Drinker  Binge Drinker 
Women  7 or more drinks per week 4 or more drinks on a single occasion 
Men  14 or more drinks per week 5 or more drinks on a single occasion 
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Alcohol and Sugar Sweetened Beverages: An Association? 
Few data are available on the relationship between consumption of alcohol vs. 
sugar-sweetened beverage in healthy and obese populations.  Additionally, the role of 
alcohol in the obesity epidemic is complex (Traversy, et al., 2015). While some studies 
have shown that heavy alcohol intake is correlated with obesity (McElduff, et al., 1997), 
others did not find this association. It is understood that a variety of factors can contribute 
to an individual’s risk of obesity based on their alcohol consumption (Vadera, et al., 
2010). Further studies have shown that low to moderate drinking is actually inversely 
associated with obesity (Polsky et al., 2017)., but the association could also be due to the 
fact that moderate drinkers enjoy a healthier overall lifestyle (Traversy, et al., 2015). In 
short, alcohol does have a role to play in the rise in obesity, but due to the complex, 
multifactorial nature of both obesity and alcoholism, the interaction is varied and 
dependent on many other variables. 
In this context, we sought to examine the relative consumption rates of alcohol to 
sugar-sweetened beverages in the US population. Sweetened beverages and alcohol both 
stimulate the CNS dopamine-mediated reward pathway and thus may displace each other.  
We hypothesized that adults “choose their poison” such that excessive alcohol and sugar 
sweetened beverage consumption are inversely associated with each other. Our first goal 
was to analyze data regarding these behaviors, adjusting for demographic and clinical 
confounders, in order to examine if any relationship did exist between the two beverages. 
If an association was found, our secondary goal was to determine what this relationship 
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could indicate to improve recommendations for counseling patients on better dietary 
choices and behaviors.  
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SPECIFIC AIMS 
Many studies have examined the relationship between sugar consumption and 
obesity and have found a direct positive correlation. Increasingly, sugar, particularly 
sugar-sweetened beverages such as soda, has been shown to have an effect on the reward 
pathway of the brain and thus can be considered an addictive substance that can 
contribute to the rise of obesity in the U.S. Alcohol is another beverage that is correlated 
with weight gain in certain populations, and is a known addictive substance. Despite 
these obvious similarities, few data is available on the interaction between sugar-
sweetened beverage consumption and alcohol consumption.  
The	primary	aim	in	this	paper	is	to	examine	the	possible	interaction	between	
these	two	types	of	addictive	beverages,	and	determine	whether	or	not	addiction	
replacement	is	a	possibility	in	certain	populations.	We	sought	to	determine	what	
type	of	association	between	sugar‐sweetened	beverage	drinking	and	alcohol	
consumption	is	present	in	the	available	data	on	the	U.S.	population,	and	if	an	
association	exists,	what	other	factors	may	be	correlated	with	different	drinking	
behaviors.	 
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METHODS  
	
 
Data Source 
For this study, the Behavior Risk Factor Surveillance System (BRFSS) was used. 
The BRFSS is a random-digitized telephone survey conducted throughout the year in the 
United States. The sampled population includes non-institutionalized adults 18 years or 
older who reside in the United States. BRFSS collects data through self-reported answers 
to phone interview questions regarding subjects’ health related risk behaviors, chronic 
health conditions, use of preventative services, and demographic variables. The BRFSS is 
the largest continuously conducted health survey system in the world (CDC 
https://www.cdc.gov/brfss/about/index.htm) and so provides a robust data set for our 
analysis.  The data retrieved by state-specific designees are cleaned and weighted by the 
CDC. Weighting was completed in a two-step process that included design weighting 
(Step 1) and iterative proportional fitting, or raking, weighting (Step 2). The detailed 
calculations for the weighting process can be viewed in Appendix A. The data collected 
by each state are aggregated and standardized by the CDC before publication at the end 
of each year. The detailed methodology for collecting and standardizing the BRFSS data 
can be found at https://www.cdc.gov/brfss.  
In addition to CDC validation, the validity and reliability of BRFSS data have 
been assessed and reviewed in other independent studies (Pierannunzi et al., 2013 fix), 
especially as the collection method has migrated to cell phone sampling frames since 
2011. Pierannunzi et al. reviewed a number of validation studies completed on BRFSS 
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data and found that the overall reliability and validity of the BRFSS was comparable to 
other self-reported national surveys, but that the changes to a number of question formats 
year to year limited the ability to compare multiple years of data.  
This limitation was addressed by restricting the bulk of our analysis to a single 
year (2017) data set, rather than merging multiple years. The sample was also restricted 
to the following states that included the optional sugar-sweetened beverage questions: 
Alaska, Arizona, Arkansas, Delaware, District of Columbia, Hawaii, North Carolina, 
Vermont, West Virginia, and Wisconsin. All other variables were part of the core module 
and were collected from each participant.  
Measures 
Sugar Sweetened Beverages  
The initial outcome variables were respondents’ consumption of sugar sweetened 
beverages (SSBs), subdivided into soda beverages and non-soda SSBs such as fruit juices 
or sports drinks. The BRFSS interview questions for the Sugar-Sweetened Beverage 
Module can be found in Appendix B. Respondents could provide their beverage 
consumption by day, week or month. In order to standardize the responses, weekly 
consumption was chosen. The non-weekly responses were calculated by multiplying the 
“per day” responses by 7, and dividing the “per month” responses by 4 to get an estimate 
of weekly consumption.  The data was then stratified into 5 distinct categories: (1) 0 
drinks per week, (2) between 0 - 1 drinks per week, (3) > 1 but < 7 drinks per week, (4) > 
7 but < 14 drinks per week, and (5) > 14 drinks per week. These categories were 
developed based on CDC recommendations of less than 30g added sugar per day 
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(approximately one drink), and off alcohol standards for heavy and binge drinking for 
ease of comparison.   
Alcohol Variable 
The outcome variables for alcohol consumption were in accordance of the CDC 
guidelines for adult beverage intake. We defined four categories of drinkers: non-drinkers 
(0 alcoholic drinks consumed in the last month), non-heavy alcohol drinkers (less than 7 
drinks per week for women, less than 14 drinks per week for men), heavy alcohol 
drinkers (more than 7 drinks per week for women, more than 14 drinks per week for 
men), and binge drinkers (more than 4 drinks on a single occasion for women, more than 
5 drinks on a single occasion for men).  
Body Mass Index 
Body Mass Index, or BMI, was also included as a secondary exposure variable, defined 
in the following categories based on CDC guidelines (Table 1): 0 - less than 18.5 = 
underweight, greater than 18.5 and less than 25 = normal weight, greater than 25 and less 
than 30 = overweight, greater than 30 and less than 35 = Obese Class I, greater than 35 
and less than 40 = Obese Class II, over 40 = Obese Class III. The BRFSS provided a 
calculated BMI variable calculated from participants’ response to weight and height 
questions.  
Demographics 
BRFSS data were categorized and weight-adjusted for the following demographic 
variables. 
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 Sex of participants was categorized as male or female. Age in years, stratified into the 
following six categories: 18-24, 25-34, 35-44, 45-54, 55-64, and 65+. Race was 
categorized by Hispanic, non-Hispanic Asian, non-Hispanic Black, non-Hispanic White, 
and non-Hispanic Other. Education level was divided into four categories: (1) did not 
graduate high school, (2) high school graduate, (3) some college, and (4) graduated 
college. Annual household income for respondents was also categorized into the 
following ranges: (1) <$15,000, (2) $15,000-<$25,000, (3) $25,000-<$35,000, (4) 
$35,000-<$50,000, (5) $50,000-<$75,000, (6) >$75,000. Respondents’ marital status was 
coded as either (1) coupled but unmarried, (2) divorced or separated, (3) married, (4) 
widowed, or (5) single, and health care coverage status was recorded as binary categories, 
yes for has insurance status, and no for does not have insurance status. Smoking 
categories was adjusted by defining respondents as a current smoker, former smoker, or 
never smoker.  
Relevant clinical variables included hypertension and diabetes. Hypertension categories 
were chosen to account for controlled hypertension (yes, on medication) uncontrolled 
hypertension (yes, not on medication), or no hypertension (no). Diabetes Mellitus 
diagnosis was also adjusted for in the following categories: No, Pre-diabetic or 
Gestational, and Yes.  
Statistical Analysis 
Logistic regression analyses were conducted to examine the association between 
the demographic and clinical variables and our outcome variables. Sequential modeling 
was used to examine each factor individually in relation to the previous variables.  
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In the first model, the spread of data was analyzed for the categories of sugar-
sweetened beverages (both soda and non-soda) for 2017. The next model looked at each 
type of sugar sweetened beverage separately in order to determine any possible skew in 
the first model. The data from these models is detailed in Figure 3. In the third model, the 
exposure of sweetened beverages, adjusted for demographic variables, smoking status, 
and co-morbidities, was analyzed with the outcome of heavy alcohol drinking. This 
model was then repeated, replacing the outcome variable with binge drinking in order to 
reveal any difference in the alcohol status of the participants. After comparing both 
drinking categories separately, a composite model was run to include both binge and 
heavy drinking as the outcome variable. In the final model, the adjusted variables were 
analyzed as described above but with BMI added as an adjusted exposure variable, in 
order to elicit any skew or association the data had with patients’ BMI.  
For the models that showed a statistically significant association, odds ratios and 
corresponding 95% confidence intervals were derived from each model using SAS 9.0 
software.  
Ethical Considerations 
All BRFSS data are accessible to the public and do not contain any identifiable 
information about the respondents. The CDC and other regulatory agencies ensure that 
the data collection process and subsequent release of the datasets are in line with the 
United States rules, regulations, and legal authorized use of nationally representative 
data. There was no risk to participating in BRFSS, as the interviews were conducted via 
telephone in a single instance of collection.   
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RESULTS 
 
 
 Figure 4 displays the spread of data over our categories for the sugar-
sweetened beverage exposure variable. The combined data was examined for soda and 
non-soda beverages first, and then analyzed each type separately in order to address any 
masking or skew caused by either category. The two groups were relatively comparable, 
although less people drank any non-soda sweetened beverage compared to soda drinkers.  
It is interesting to note that while both soda and non-soda group had a significant 
number of respondents saying they did not drink any of each beverage, the overall SSB 
data shows less people reporting drinking zero sugar sweetened beverages. This indicates 
that the majority of participants, 74.2% to be precise, drink either soda or a non-soda 
sweetened beverage in some quantity per week.  Additionally, about 31% of respondents 
reported that they drank more than 7 sugar-sweetened beverages per week, which is 
above the recommended amount of added sugar based on CDC guidelines. Greater than 
14 drinks a week indicates a significant amount of added sugar consumed through 
beverages for 14.6% of the respondents.  
However, when broken into soda and non-soda categories, fewer respondents 
were drinking greater than 14 drinks per week in either category; more of the sample 
responded that they did not drink either soda or non-soda. Each group was ultimately 
assessed individually instead of combined, due to the fact that based on the initial models, 
respondents were choosing one option or the other to consume, and not both.   
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Figure 4: Percentage of Respondents Who Reported Consumption of Sugar-
Sweetened Beverages, By Category. The above bar graphs show our sample size in 
each of the exposure categories. The categories (different bar colors) represent any 
answer within the range listed in the legend. The data is given in percent of total 
respondents. The far left set of data indicates the percentage of respondents that drink any 
sugar-sweetened beverages, whether soda or non-soda. The second and third data set 
represents soda only respondents and non-soda only respondents, respectively.  
	
The data in Table 5 represent the adjusted association of sugar-sweetened 
consumption and alcohol use. In order to assess this relationship, odds ratios with 95% 
confidence intervals were developed off our adjusted models for each exposure and 
outcome association. There was no statistically significant association between binge 
drinking and SSB consumption, as the 95% confidence interval for each category of SSB 
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consumption had quite a large spread. As such, the odds ratio for SSB vs. binge drinking 
is not precise enough to provide any statistically significant relationship.  
However, there was a significant correlation between heavy drinking and SSB 
consumption. The association was less obvious with non-soda SSB consumption; the 
only statistically significant categories with an association to heavy drinking were >1 and 
<7, and >7 and <14 compared to 0. However, those two odds ratios and confidence 
interval (0.74 & 0.68) indicate a negative correlation with heavy drinkers.  
Table 5: Association of Sugar-Sweetened Beverages compared to Alcohol 
consumption: Heavy OR Binge Drinking, Adjusted.  
Sugar-Sweetened 
Beverages  
Odds Ratio (95% CI) Heavy 
Drinkers 
Odds Ratio (95% CI) Binge 
Drinkers 
Non-Soda SSB Consumption: 
0 - - 
> 0 to < 1 vs 0 0.90 (0.72-1.11)  1.13 (0.98-1.30) 
> 1 to < 7 vs 0 0.74 (0.60-0.90)  0.93 (0.76-1.13) 
> 7 to < 14 vs 0  0.68 (0.52 - 0.88)  0.85 (0.71-1.03)  
14+vs 0  0.77 (0.59 - 1.01)  0.93 (0.76-1.13) 
Soda Consumption:   
0 - - 
> 0 to < 1 vs 0 0.75 (0.63 to 0.90) 1.15 (0.98-1.30) 
> 1 to < 7 vs 0 0.66 (0.53 to 0.81) 0.90 (0.76-1.13) 
> 7 to < 14 vs 0 0.73 (0.65 - 0.97) 0.81 (0.71-1.01)  
14+ vs 0  0.70 (0.49 - 1.02) 0.98 (0.76-1.18) 
Heavy drinking is defined as >7 drinks per week for women, and >14 drinks per week for 
men. Binge drinking is defined as >4 drinks per drinking episode for women, and >5 
drinks per drinking episode for men. The data was already adjusted for sex by the 
BRFSS. Italicized data indicates statistical significance.  
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DISCUSSION 
Overview 
The negative impact of excessive sugar consumption and alcohol has been 
extensively studied, individually. However, little data is available on the interrelationship 
between excess sugar consumption and alcohol use, particularly within the context of 
addiction. Furthermore, the recommendations for physician counseling for both of these 
behaviors can address patients’ risk for obesity and related chronic disease, and yet very 
little research is available on the relationship between the consumption of these two 
beverages. This study sought to fill that gap and provide statistically significant evidence 
of the association between sugar-sweetened beverage consumption, used as a measure of 
added sugar consumption, and heavy alcohol use.  
Findings  
In our study of nearly 20,000,000 respondents, we found that there was no 
significant correlation between respondents’ consumption of sugar sweetened beverages 
and binge drinking. However, we did see a significant negative correlation between 
sugar-sweetened beverage consumption and heavy drinking. The data we analyzed 
indicated that the more likely a respondent was to report sugar-sweetened beverage 
consumption, the less likely they were to be heavy alcohol drinkers. This was particularly 
significant in respondents who consumed soda compared to those who drank non-soda 
sugar sweetened beverages, such as sports drinks or fruit juices.  
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 The above findings were consistent with our initial hypothesis; the negative 
correlation observed in our data indicates that individuals “choose” whether to consume 
more sugar-sweetened beverages or alcoholic beverages, rather than both or neither. 
This inverse relationship can possibly be connected to addiction patterns and 
physician counseling. We’ve speculated that one of the potential reasons behind our 
findings could be accounted for by physician recommendations to their individual 
patients based on risk factors. For example, patients who are counseled to reduce their 
sugar intake because they are at risk for diabetes, will comply with recommendations and 
drink less sugar-sweetened beverages, but will also drink relatively more alcoholic 
beverages to continue stimulating their reward pathway. This can be true in reverse for 
patients counseled to reduce their alcohol intake; these patients will turn towards soda 
and other sweetened beverages to replace the alcohol.  
At this stage in our research, we are simply positing these possible behavior 
modification mechanisms; more research is required to consider attributing factors to the 
sugar-sweetened beverage and alcohol consumption relationship found in this study. 
However, our results do provide compelling evidence that the behaviors surrounding 
consumption of these two beverages are associated and previous research has established 
the connection to both of these beverages and addiction behaviors. Thus, it could make 
sense for physicians to counsel these behaviors together and with a focus on the addictive 
nature of these behaviors, rather than separately or from a nutrition perspective.  
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Limitations 
These findings must of course be viewed within the context of the limitations to this 
study. We did use BRFSS data, which relies on self-reporting data and is therefore 
subject to recall and impression management response biases (Park, Pan 2014). 
Additionally, only the average consumption frequency of sugar-sweetened beverages was 
recorded by the collection methods, not the quantity or caloric density of these 
beverages.  The data collection questions did not define what size “one drink” was when 
interviewing respondents (For exact interview questions, see Appendix B).  
Lastly, because the BRFSS collects cross-sectional data, we cannot determine 
causality, only association between variables. It is possible that factors other than those 
we’ve adjusted for affect how many sugar-sweetened beverages or alcohol beverages 
respondents consume. However, even with these limitations, our results indicate a need 
for further research regarding the association between consumption of addictive 
beverages, and possible adaptations to these associations in how physicians counsel 
patients on their health behaviors.  
Implications for Further Research and Recommendations 
Physicians often have to prioritize what behavioral counseling gets completed in meeting 
with patients, especially those with multiple risk behaviors and/or chronic diseases 
(Bleich et al., 2011; Patnode et al., 2017). Additionally, physicians have cited several 
perceived barriers to delivering effective nutrition and diet counseling, including lack of 
time, patient noncompliance, inadequate teaching materials, lack of physician training, 
and inadequate reimbursement (Krushner, 1995; Mackey et al., 2018). Even with these 
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barriers, physicians are uniquely positioned to counsel patients effectively on healthy 
behaviors that can reduce their risk of obesity and associated diseases, and studies have 
shown that patients respond well and implement positive behavior changes after 
physician counseling on nutrition and high risk behaviors (Rose et al., 2012).  
Our data analysis suggests that concurrent counseling of patients to reduce both 
their sugar-sweetened beverage intake and alcohol intake would be of benefit to the 
patient, and might prevent the patient from replacing one addictive behavior with the 
other. Further research is needed to confirm this relationship and provide more precise 
recommendations for physicians regarding these high risk behaviors.  
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APPENDIX A 
 
United States Preventative Task Force Guidelines (July 2012) 
	
Grade Definitions: What the Grades Mean and Suggestions for Practice 
The USPSTF updated its definition of and suggestions for practice for the grade C 
recommendation. This new definition applies to USPSTF recommendations voted on 
after July 2012. Describing the strength of a recommendation is an important part of 
communicating its importance to clinicians and other users. Although most of the grade 
definitions have evolved since the USPSTF first began, none has changed more 
noticeably than the definition of a C recommendation, which has undergone three major 
revisions since 1998.  
Despite these revisions, the essence of the C recommendation has remained 
consistent: at the population level, the balance of benefits and harms is very close, and 
the magnitude of net benefit is small. Given this small net benefit, the USPSTF has either 
not made a recommendation “for or against routinely” providing the service (1998), 
recommended “against routinely” providing the service (2007), or recommended 
“selectively” providing the service (2012). Grade C recommendations are particularly 
sensitive to patient values and circumstances. Determining whether or not the service 
should be offered or provided to an individual patient will typically require an informed 
conversation between the clinician and patient. 
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Grade Definition Suggestions	for	Practice 
A 
The	USPSTF	recommends	the	
service.	There	is	high	certainty	that	
the	net	benefit	is	substantial. 
Offer	or	provide	this	service. 
B 
The	USPSTF	recommends	the	
service.	There	is	high	certainty	that	
the	net	benefit	is	moderate	or	there	
is	moderate	certainty	that	the	net	
benefit	is	moderate	to	substantial. 
Offer	or	provide	this	service. 
C 
The	USPSTF	recommends	
selectively	offering	or	providing	
this	service	to	individual	patients	
based	on	professional	judgment	
and	patient	preferences.	There	is	at	
least	moderate	certainty	that	the	
net	benefit	is	small. 
Offer	or	provide	this	service	for	
selected	patients	depending	on	
individual	circumstances. 
D 
The	USPSTF	recommends	against	
the	service.	There	is	moderate	or	
high	certainty	that	the	service	has	
no	net	benefit	or	that	the	harms	
outweigh	the	benefits. 
Discourage	the	use	of	this	service. 
I	
Statement 
The	USPSTF	concludes	that	the	
current	evidence	is	insufficient	to	
assess	the	balance	of	benefits	and	
harms	of	the	service.	Evidence	is	
lacking,	of	poor	quality,	or	
conflicting,	and	the	balance	of	
benefits	and	harms	cannot	be	
determined. 
Read	the	clinical	considerations	
section	of	USPSTF	
Recommendation	Statement.	If	the	
service	is	offered,	patients	should	
understand	the	uncertainty	about	
the	balance	of	benefits	and	harms. 
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Levels of Certainty Regarding Net Benefit 
Level	of	
Certainty* 
Description 
High The	available	evidence	usually	includes	consistent	results	from	well‐designed,	well‐conducted	studies	in	representative	primary	
care	populations.	These	studies	assess	the	effects	of	the	
preventive	service	on	health	outcomes.	This	conclusion	is	
therefore	unlikely	to	be	strongly	affected	by	the	results	of	future	
studies. 
Moderate The	available	evidence	is	sufficient	to	determine	the	effects	of	the	preventive	service	on	health	outcomes,	but	confidence	in	the	
estimate	is	constrained	by	such	factors	as:	 
 The	number,	size,	or	quality	of	individual	studies. 
 Inconsistency	of	findings	across	individual	studies. 
 Limited	generalizability	of	findings	to	routine	primary	care	
practice. 
 Lack	of	coherence	in	the	chain	of	evidence. 
As	more	information	becomes	available,	the	magnitude	or	
direction	of	the	observed	effect	could	change,	and	this	change	may	
be	large	enough	to	alter	the	conclusion. 
Low The	available	evidence	is	insufficient	to	assess	effects	on	health	outcomes.	Evidence	is	insufficient	because	of:	 
 The	limited	number	or	size	of	studies. 
 Important	flaws	in	study	design	or	methods. 
 Inconsistency	of	findings	across	individual	studies. 
 Gaps	in	the	chain	of	evidence. 
 Findings	not	generalizable	to	routine	primary	care	practice. 
 Lack	of	information	on	important	health	outcomes. 
More	information	may	allow	estimation	of	effects	on	health	
outcomes. 
*The USPSTF defines certainty as "likelihood that the USPSTF assessment of the net benefit of a 
preventive service is correct." The net benefit is defined as benefit minus harm of the preventive service as 
implemented in a general, primary care population. The USPSTF assigns a certainty level based on the 
nature of the overall evidence available to assess the net benefit of a preventive service. 
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APPENDIX B 
Behavior Risk Factor Surveillance System: 2017 Interview Questionnaire 
 
Sugar Sweetened Beverages Module Questions  
 
1. During the past 30 days, how often did you drink regular soda or pop that contains 
sugar? Do not include diet soda or diet pop. You can answer times per day, week, or 
month: for example, twice a day, once a week, and so forth.  
1 _ _ Times per day  
2 _ _ Times per week 
 3 _ _ Times per month  
888 None  
777 Don’t know / Not sure  
999 Refused  
 
 
 
 
2. During the past 30 days, how often did you drink sugar-sweetened fruit drinks (such as 
Koolaid™ and lemonade), sweet tea, and sports or energy drinks (such as Gatorade™ 
and Red Bull™)? Do not include 100% fruit juice, diet drinks, or artificially sweetened 
drinks. You can answer times per day, week, or month: for example, twice a day, once a 
week, and so forth.  
1 _ _ Times per day  
2 _ _ Times per week  
3 _ _ Times per month 
 888 None  
777 Don’t know / Not sure  
999 Refused 
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